This study contributes to science with an analysis of impacts of aerosols and clouds on grasslands net ecosystem exchange (NEE) of a semi-arid grassland in the Loess Plateau in north west China. The study uses a unique data set of NEE, meteorology, AOD's and solar and solar diffuse radiation measurements. It adds to the limited knowledge on the response of grasslands NEE, photosynthesis and ecosystem respiration to clouds and aerosols.
This is a well written article, with a well described methodology and results. The paper includes a good analysis of carbon fluxes under various cloudy conditions. However, the analysis on impacts of aerosols on carbon fluxes misses on the temperature effects. It seems that the diffuse radiation effect (which is low) on photosynthesis is counteracted by the temperature effect on ecosystem respiration, but this is not really shown and discussed.
Response:
We appreciate reviewer's suggestion and have taken it into account in our revised manuscript. In the revised paper, we have added Fig.12 to show the combined influence of temperature and diffuse radiation (via aerosols) on carbon fluxes. 'Under a clear sky condition the air temperature is higher than that under other sky conditions (Fig. 8) . From Fig. 9 , we see the CO 2 uptake reduces with the increased air temperature. Thus, a further analysis is required to see if the effect of aerosol loading on the carbon uptake is also significant under same temperature. Fig. 12 shows that the higher AOD (AOD>0.5) still results in a more pronounced decrease in CO 2 uptake (decreased photosynthesis) with increasing air temperature, as compared to situations with lower aerosol loading (AOD<0.3). However, the weakening extent of carbon uptake with AOD is decreased compared with that in Fig. 11 . Although this seems to indicate the existence of a negative effect of AOD on carbon uptake, it may not be a major factor in regulating the ecosystem carbon exchange.' Furthermore, from Fig.11 we can see the decreased effect of AOD on CO 2 uptake is the combined result of the decreased effect of AOD (due to increased diffuse fraction of PAR) on photosynthesis and the increased effect of AOD on respiration. At the same temperature, the decreased effect of AOD on NEE and photosynthesis still exists but reduced (Fig.12) . This shows that the increased effect of temperature on respiration and the decreased effect of diffuse PAR on photosynthesis combine to produce a net decrease in NEE. It seems to us that, for our site, there is a tendency of decreasing carbon uptake with increasing AOD.
Specific comments:
Question 1: On the same topic, Figure 11 could be modified to show, how in clear sky days (under aerosol loaded conditions) NEE, photosynthesis and ecosystem respiration vary with AOD, diffuse fraction, and temperature. Figure 11 has i) a considerable amount of scatter in the data, ii) very few points at low CI which seem to be driving the slope of those regression lines, and for this reason, those lines should not be there, especially the one with AOD higher than 0.5.
Response:
In response to the above comments, we have added Fig.12 to show how in clear sky days (under aerosol loaded conditions) NEE, photosynthesis and ecosystem respiration vary with AOD and temperature. The results show that the weakening extent of carbon uptake with AOD for the same temperature is decreased compared with that in Fig. 11 . Although this seems to indicate the existence of a negative effect of AOD on carbon uptake, it may not be a major factor in regulating the ecosystem carbon exchange Although Fig. 11 shows a considerable amount of scatter in the data, all the curve fittings pass the significance test, except for the ecosystem respiration rate with CI when AOD>0.5 (only 28 points). With only a few data points for the clear sky conditions, we make only a limited qualitative statement regarding the effect of AOD on carbon uptake under these conditions. Having said that, however, the results do appear to show a tendency of decreasing carbon uptake with increasing AOD.
Following the review comments, we have redrawn Fig. 11 in the revised paper.
Considering only few points fall at low CI, we have recalculated the curve fitting to include only those points whose CI are larger than 0.65, to show the effect of aerosol loading on carbon exchange with the increased diffuse fraction more clearly.
Question 2: There seem to be two messages: 1) The diffuse radiation effect due to aerosols on photosynthetic C uptake of these grasslands, (how much is this?) and 2) the counteracting effect of ecosystem respiration due to temperature (how much is it?).
Response: Consistent with our response comments so far, we see in the revised Fig.   11 the carbon uptake decreases (the photosynthesis decreased and respiration increased) with the increased AOD (due to increased diffuse fraction) for the same CI.
For AOD<0.3 and AOD>0.5, the increased NEE (increased carbon uptake), decreased photosynthesis and increased respiration are about 2.7, 2.6 and 0.02 μmol m -2 s -1 . This
shows that the effect of aerosols on carbon uptake is mainly through photosynthesis rather than respiration. In addition, according to Fig. 9 and Fig. 12 , the temperature effect on ecosystem respiration is relatively small, and for the same temperature the respiration is relatively unchanged with the increased AOD (Fig.12c) . The carbon uptake still shows the decreased tendency with the increased AOD at same temperature. Response: Thank you for the suggestion. But first we like to point out that it is the "lower light saturation points of grassland" and not of "forest and croplands." In section 4.2, Fig.3 , a cubic regression curve fitted to the data delineates a relationship in which NEE reaches a minimum (maximum net uptake by the vegetation) with a CI value of about 0.37 (corresponding to the solar radiation of about 434.8 W m -2 ) for the short grass over semi-arid regions, and is in the low end of the range 0.4-0.7 observed for some forest systems (Gu et al., 1999; Oliphant et al., 2002) . In addition, we have included the comparison of the relationship between the carbon uptake and temperature for grassland at the SACOL site (Fig. 9 ) and cropland (Norman et al., 1991) in the revised paper. At the SACOL site, the temperature with maximum carbon uptake is less than 20℃, but for the corn and soybean, they are around or larger than 30℃。These relationships also confirm the fact that the vegetation canopy at SACOL reaches the light saturation point at a lower temperature, resulting in a carbon uptake reduction with higher temperatures.
Question 4:
On the temperature effect on photosynthesis, some of the following issues could be included in the discussion, if there was information on it. Are there any other studies showing the same response to temperature? Is the temperature response of photosynthesis found in this study also found in other or similar grasslands under similar environmental conditions? Are there any gas exchange measurements confirming the observed photosynthetic response to temperature?
Response: This paper is a preliminary study of clouds and aerosol loading effects on the carbon uptake by a grass ecosystem located at the semi-arid Loess Plateau region.
These loading effects are examined under different conditions of temperature which by itself is an important factor influencing the ecosystem carbon exchange. Previous studies have focused mainly on the forest canopy, with larger leaf area index (LAI) and higher photosynthetic capacity. Few have investigated the case over semi-arid regions with short-stature canopies. Niyogi et al. (2004) did analyze the effects of aerosol loading on NEE over different ecosystem landscapes, and the results for the grasslands also show a negative response to the aerosols, which is consistent with our results. However, they fell short of making a further detailed analysis, and didn't show the relationship between temperature and NEE.
It is a pity that there are at present no other gas exchange measurements that can be used to confirm the results of this paper at the SACOL site. In June of this year however, a PAR LITE has been installed to measure the PAR of vegetation. Thereafter there will be other instruments to be purchased and installed successively at the SACOL site. It will provide more opportunity for us to study the carbon exchange over this semi-arid Loess Plateau of Northwest China.
Question 5: Cloudiness data: It would be very good to see the relationship of global radiation and cloudiness derived for this study with the method from Long et al. This could be placed in the main text or in an appendix.
Response:
We appreciate reviewer's suggestion and have incorporated it in our revised manuscript. In the revised paper we added an appendix to briefly describe the estimation of cloudiness using the measured 1-min measurements of surface downward total and diffuse shortwave irradiance at the SACOL site. Because of the complexity of the calculation involved, we only briefly give the limited condition for total solar radiation and diffuse radiation under various sky conditions. The more detailed explanation about the determination of limit value can be found in Long et al. 
